Reactions induced by heavy ions have been extensively studied in recent time (see for example the recent topical conferences). Specifically, direct reactions induced by heavy ions like elastic and inelastic scattering and transfer reactions rely on rather complicated experimental techniques for particle identification and methods of theoretical analysis. There has been in recent time considerable progress in both experimental techniques and in the understanding of the reaction mechanisms. At present stage nuclear structure studies with direct reactions induceq by heavy ions should indeed yield the information people believed should be obtainable. The situation is, however, by no means clear in all respects and there is considerable work to be done on the new improved accelerators to establish the heavy ion reactions as the specific spectroscopic tool they are expected to be.
I will at first shortly discuss a few new experimental techniques, then show some rathe'r specific examples of hea:vy ion reactions which show their unique possibilities, and finally discuss some new concepts which were developed for the understanding of the transfer reactions. The study of heavy ion reactions relies on an adequate identification of the reaction products and on high energy resolution. It seems to be rather obvious by now that the system which will have both, a complete identification of the reaction product, as well as the large solid angle and intrinsic energy resolution to allow measurements with thin targets -is the magnetic spectrometer with a focal plane detector. Such a system is used at the 88-inch 1 cyclotron in Berkeley.
In principle, four quantities have to be measured to identify completely a particle and to determine its momentum (energy) spectrum.
These quantities are: Z-nuclear charge, q-charge state of ion while being analyzed in the magnet (at sufficiently high energies q =· Z with 100%), m-mass and E-energy or p-momentum. 1 In the system used in Berkeley a resistive-wire proportional counter is placed in the focal plane. The measurement of ~/~X, position (or radius p) and time-of-flight t, (using a scintillator foil as start detector and a scintillator behind the proportional 'counter) yields three parameters.
-if (~) 2; ® l1E _ z2. G) Bp·t ---E Three parameters are usually sufficient at high energies and light projectile masses. Figure 2 gives an illustration of the two-dimensional matrix of the parameters ~/6X and t.
With a solid angle of 1-2 msr sufficiently thin targets can be used in experiments to obtain resolutions of 100-150 keV at 100 MeV particle energy. A recently 2 applied method which employs coincidences between y-rays and reaction products gives (with thick targets) an exCitation f'unction from the shape of the y-ray line. The y-rays are affected by the changing Dopplershift due to the changing velocity as function of the depth within the target substance. In the same way angular distributions have been obtained from the shape of free y-ray in ( 13 c, 12 c) neutron transfer reactions. Figure 3 illustrates in an example how a complete angular distribution is obtained from one measurement of y-rays. In this case the.Doppler-shift observed depends on the reaction angle. This method is, of course, only applicable to excited states, however, is extremely efficient in terms of accelerator time. (The angular correlation of they-rays-if not isotropic-has to be known.)
Finally the higher energy of the heavy ions from the new accelerators will bring considerable advantages for experimental and theoretical reasons.
Target problems which play a considerable role in heavy ion reactions become less restrictive due to smaller energy losses. For many transfer reactions the kinematical restrictions (as discussed later) become smaller and a large abundance of reaction products is observed (Fig. 2) .
II. SOME SPECIFIC ASPECTS OF HEAVY ION REACTIONS
A. potential is peaked at the nuclear surface) and a cancellation occurs at .a . ' given radius due to the opposite signs of the two terms. A pronounced dip is thus observed in the angular distributions at the angle where the scattering orbit goes through a distance in the interaction region where the cancellation !' occurs ( Fig. 5 ). Both effects are extremely sensitive to details of the total potential, i.e., to both the real and imaginary part. 
The cross sections for multi-nucleon transfer reactions therefore are expected to be rather small," unless certain correlation effects occur (see also section IIIa) and lead to an enhancement expressed in terms of enhancement factors EF.
Different correlated groups could be transferred one after the other and particular effects of two-step process will show up in these cases.
Typical two-step processes could be involved in reactions like 7) (if the interference is destructive). In this coupled channel calculation the inelastic scattering is considered to have a very large probability, the transfer process is, however, only treated in first
The transfer of large amounts of nucleons has also to be viewed in terms of macroscopic properties of nuclei as discussed by Swiatecki. 9 Important
parameters in this re~pect are the liquid drop parameter Z /A, and asymmetry. as to achieve a symmetric two-body configuration. These aspects will be important for the formation of compound nuclei and the transfer of large amounts of nucleons.
III. PROGRESS IN CONCEPTS FOR THE INTERPRETATION OF TRANSFER REACTIONS
A. Semiclassical Models and Window Effects 10 It has been realized more than 20 years ago by Breit and co-workers that heavy ion reactions can be described by semiclassical models provided the Sommerfeld parameter n, n = z 1 z 2 e 2 /hv is large relative to unity. If.n >> 1, the minimum distance in the relative motion becomes large compared to the Broglie wavelength ~~ using relation
Where 8 is the scattering angle and R is the minimum distance in the classical orbit determined by the Coulomb field. The semiclassical models assume that the orbits can be described by classical e~uations and the transfer process by ~uantal methods, i.e., it has only small influence on the scattering path. It has been realized only recently that the classical orbit description leads to severe restrictions of changes of the, important ~uantities' k, n' e, if a 14 sizable cross section has to result. It has been found that sub-Coulomb transfer reactions haye only large cross sections if the minimum distances Thus, we obtain, Ri. Actually the cross section can be shown to depend on a few simple factors which 11 can be discussed independently in a semiclassical model.
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scattering orbit we have
The cross section depends on a scattering probability. This scattering probability is appropriately described by an average Rutherford cross section cr (8) The three factors can be easily calculated numerically using the semiclassical model. It has been shown 12 that the elastic cross section can be rather well described by an exponential function of R . (see Fig. 9 ).
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Similarly, it has been shown that F(.!lD) has a· gaussian shape for large angles.
With a-the bound state decay constant determined by the binding energy EB and 2 1/2 reduced mass He of the transferred particle, a= (2HC EB h-)
The transfer probability is typically also an exponential as function of the minimum distance. In a purely semiclassical framework the angular momentum transfer is fixed by the change of the parameters n, k, e. However, in a reaction in which a determined amount of angular momentum is transferred during the quant~ mechanical transfer process between definite states, .:t!le following prescription may be used to determine the final reaction yield. The grazing angluar momentum in the initial channel is determined by;
e. is given by Eq. (2).
This angular momentum will give the largest contribution to the reaction;
determine Lf by Li -i = Lf; then calculate ef using for example relation Lf = nf ctg ef/2 for pure Coulomb fields. Having calculated ef the ratios ajaR(e) and the average minimwn distance and F(f!D) can be calculated. In cases of large mismatch, for example transfer of two units of charge, we usually have ni » nf' i = 0 and Li » Lf and we obtain ef << ei. This actually implies that the absorption in the final channel will be smaller compared to that in the initial channel. The cross section will be small unless the grazing angle is much smaller than usually calculated (using R and Eq. 3 )) which can be compared for different target nuclei as the quantity which does not contain kinematical effects or nuclear size effects. . 16 14 . Figure 14 shows the transfer probabilities Pt(d orbit (see Fig. 1 ). Figure 16 gives an illustration of this j-dependence in single proton transfer reactions on 208 Pb for two energies.
As the relative velocity increases the transferred particle carries an appreciable amount of the relative momentum (MeV/nucleon) and the picture is changed, the particle will be transferred preferentially in a different way as suggested in lower part of Fig. 12 . The j-dependence is thus mainly removed at higher energies (Fig. 17) . For has a "parity conserving" symmetry which yields the rule ti + if + t = even.
This parity rule applies fairly well at energies below or at the Coulomb barrier, where the transferred particle has to be on the'interconnection line during the transfer process.
C. High Energy Reactions
The difference between full finite range calculations and no-recoilapproximations becomes important at higher incident energies and is rather drastic as illustrated in Fig. 16 by the reaction 
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